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Introduction: Concerns over radiation safety are valid. Understanding and maintaining safe administration helps patients
understand the potential risks during endovascular procedures.
Methods: X-ray production, units of radiation exposure, and forms of direct and indirect exposures are discussed.
Results: Positioning of the image intensifier as close to the patient as practical, moving the x-ray tube as far from the
patient as possible, and using pulse fluoroscopy are all ways to help decrease the radiation dose. Collimation, achievable
without the use of fluoroscopy, improves image quality while decreasing the radiation dose. Time, distance, and shielding
are the three most productive means of reducing radiation exposure.
Conclusion: The best defense against radiation injury to both patient and staff is to minimize the total fluoroscopy time,
keep the image intensifier close to the patient, collimate to the region of interest, and use appropriate radiation shielding
and monitoring. (J Vasc Surg 2011;53:22S-27S.)Concerns over radiation safety are valid, and yet it is
understood that to treat patients effectively with interven-
tional radiologic procedures, some amount of radiation
must be administered. Safe administration and mainte-
nance of guidelines will help patients understand and ac-
cept the risk involved in treatment. One of the important
features in the protection of patients during angiographic
procedures involves a comprehensive understanding of ra-
diation source, radiation dose, and proper communication
of exposure. Reducing radiation dose must be balanced
against safe, accurate, and effective completion of the pro-
cedure. This article presents guidelines to prevent radiation
injury during endovascular procedures. Not all of the steps
may be possible in each case, depending on the size of the
patient, technical challenge, and critical nature of the pro-
cedure. Overall, patient safety is paramount. The goal is to
minimize the dose to the patient while providing important
and necessary medical care.
UNITS OF RADIATION EXPOSURE
Some common terms used in radiation exposure are
entrance exposure, absorbed dose, dose equivalent, and
effective dose. Briefly, these units of radiation exposure will
be discussed below.
X-ray production. X-rays are produced when elec-
trons are accelerated through a high voltage (range,
50,000-150,000 volts or 50-150 kVp) applied to a tung-
sten target in an x-ray tube. The flow of electrons from the
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22Sfilament to the target is referred to as the tube current and
is given in milliamperes (mA). Fluoroscopy is performed
using 2 to 30 mA and an accelerating voltage of 75 to 125
kVp. The amount of x-rays produced and the source of
radiation injury are determined by the tube current (mA)
and the high voltage (kVp). X-ray production is directly
proportional to the tube current; thus, doubling the tube
current doubles the number of x-rays produced at a partic-
ular kVp. X-ray production increases more rapidly with kVp
than mA, and increasing the kVp by 15% is equivalent to
doubling the mA. Higher kVp values also provide a more
penetrating x-ray beam. Higher kVp also diminishes image
contrast, leading to lowered image quality.
Exposure. Radiation exposure is defined as the quan-
tity of x-rays or gamma radiation required to produce an
amount of ionization (electric charge) in air at standard
temperature and pressure. The traditional unit of exposure
is the Roentgen (R) and is defined as 2.58  10–4 cou-
lombs(C)/kg (SI units). Frequently, ionization measure-
ments are made of exposure rate; that is, the amount of
exposure per unit of time. Measurements of exposure rates
for fluoroscopy are usually measured in “fluoroscopy out-
put” per minute (R/min).
Absorbed dose. Patients and vascular interventional-
ists are exposed to radiation. Only a portion of this will be
absorbed into the body, and this is called the radiation-
absorbed dose. The absorbed dose is the amount of ioniz-
ing radiation energy absorbed by a unit mass of any
material. The unit of absorbed dose is either the rad
(radiation-absorbed dose) or the gray (Gy, the SI unit).
Because a gray represents 100 times more radiation ab-
sorbed than does a rad, it is important to be aware of the
units in which the radiation-absorbed dose is being speci-
fied. For example, 5 rads of whole body radiation-absorbed
dose is not likely to cause noticeable biologic effects,
whereas 5 Gys of whole body radiation-absorbed dose
would potentially be a fatal dose. The exposure in roent-
gens (R) is set solely by the fluoroscopy machine x-ray
output, and absorbed dose depends on the exposure to the
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an exposure of 1 R results in an absorbed dose of approxi-
mately 1 rad (10 mGy).
Dose equivalent. Various forms of radiation (x-rays,
alpha particles, etc) can produce different biologic effects,
even for the same absorbed dose. Dose equivalent is used in
radiation safety to measure biologic “harmfulness” of any
radiation-absorbed dose. Dose equivalent is defined as the
absorbed dose multiplied by a radiation quality factor spe-
cific for the type of radiation to which an individual is
exposed and is defined in rem (roentgen equivalent in man)
or sievert (Sv). For diagnostic x-rays, the radiation quality
factor is approximately 1. The unit for dose equivalent is the
rem or Sv.
Effective dose. The risk of potential health effects
when only part of the body is irradiated is smaller than when
the whole body is exposed. Effective dose is the dose
equivalent to the entire body caused by irradiating only
localized areas. Effective dose is calculated from the dose
equivalent by multiplying the dose equivalent to each irra-
diated organ by a weighting factor that specifies the radio-
sensitivity of that irradiated organ. This takes into account
the differing radiosensitivity of certain organs (eg, gonads).
The effective dose is used to estimate patient cancer risk,
and effective dose is used to calculate the equivalent whole-
body exposure for fluoroscopy staff wearing personnel do-
simeters for comparison with annual personnel dose limits
for radiation exposure.
SOURCES OF RADIATION EXPOSURE
Radiation injury results from direct exposure or from
scatter exposure.1 Understanding the sources of radiation
exposure is important in the prevention of radiation injury
to the patient, vascular interventionalist, and angiography
suite personnel (Table I).2 Vascular surgeons use fluoros-
copy routinely for diagnostic and minimally invasive thera-
peutic procedures. Modern fluoroscopy machines produce
images with an image intensifier or flat panel digital detec-
tor to allow an image to be displayed on a monitor. Fluo-
roscopy units generally operate in the automatic brightness
control (ABC) or automatic exposure control modes,
which allow the image intensifier to adjust the image
brightness. When brightness is inadequate, the ABC auto-
matically increases the mA or kVp, or both, to increase the
x-ray penetration through the patient and thereby provides
Table 1. Some common radiation levels2
Source of exposure Exposure level
Fluoroscopy 2-20 R/min, typically
5-60 min
Chest radiograph 0.02 R (20 mR)/film
Other common x-rays, CT,
nuclear medicine
1-5 R/study
Natural background radiation 0.3 R (300 mR)/y
CT, Computed tomography.appropriate image brightness. Large-diameter patients re-quire more exposure than patients of smaller diameter.
Abdominal fluoroscopy also requires greater exposure than
fluoroscopy of the chest because of the increased diameter
and tissue density in the abdomen. Caudal or cephalad tilt
of the x-ray tube will also lengthen the path length of x-rays
in the patient, leading to increased radiation exposure to
staff and patient.3
Direct exposure. Direct fluoroscopy exposure rate re-
fers to entrance skin exposure where the x-ray beam enters
the patient. In fluoroscopy these rates generally range from
2 to 20R/min. Thirtyminutes of fluoroscopy can therefore
deliver 60 to 600 R of entrance skin exposure. A posteroan-
terior chest radiograph, the lowest exposure medical image,
delivers approximately 0.02 R (20 mR). One minute of
fluoroscopy is therefore equivalent to 100 to 1000 chest
radiographs.4
Fluoroscopy exposure rates used the highest entrance
skin exposures in medical diagnostic studies. The legal
limits for fluoroscopy exposure rates are generally set by
state laws that mimic federal law. Fluoroscopy units pro-
duced since May 1995 require exposure rates 10 R/min
in normal fluoro mode, and 20 R/min in special high-
dose (or “boost”) fluoroscopy mode.5,6 The high-level
boost mode is only available with continuous manual acti-
vation of a special exposure foot control. A continuous
signal is audible to the fluoroscopist to indicate that the
high-level control is being used. In cine or digital subtrac-
tion imaging, fluoroscopy output is not limited by federal
law and typically approaches 50 R/min.5,7
Output of fluoroscopic machines should, at a mini-
mum, be measured annually by a medical physicist and
posted on the machine. The total dose to the patient is not
regulated; only the dose rate output of the x-ray unit is
regulated. It is important to also realize that radiation
output increases as the fluoroscopy unit ages. The image
intensifier becomes less efficient, and the ABC system com-
pensates by increasing radiation output.
Newer fluoroscopy units use pulsed fluoroscopy to
allow a lower radiation dose to the patient. Exposure of the
patient to create a fluoroscopy spot image is a source of high
radiation exposure. Digital recording of the fluoroscopy
spot film image greatly reduces the dose compared with a
screen/film image. Capturing a spot image as a single video
frame fluoro image, a “fluoroscopy-grab” spot image, will
even further reduce exposure. A fluoroscopy-grab image is
simply recording the image that is displayed on the image
monitor from previous exposure.8
Indirect exposure. Most radiation exposure received
by the operator and other personnel in the angiography
suite during a procedure results from scattered radiation
from within the patient. The general rule is that the oper-
ator will be exposed at a dose rate of approximately 1/1000
of the entrance skin exposure rate at a distance of 1 meter
from the center of the fluoroscopy field. Several factors can
increase indirect exposure from a patient. Large patients
generate a greater amount of scatter radiation because higher
values of kVp and mA are required for better visualization of
vascular anatomy. Using a large x-ray field, a result of not
r high
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a small percentage of the radiation received by the operator
during fluoroscopy is due to leakage radiation through the
x-ray tube housing. Radiation exposure from fixed fluoros-
copy units, with under-the-table x-ray tubes, is negligible
compared with scatter radiation arising in the patient.9-11
For lateral projections of x-rays through the patient, it
is critical for operators to stand on the exit side of the
patient. The operator should always stand on the image
intensifier or flat panel detector side of the patient; never
stand on the x-ray tube (entrance) side of the patient. This
will markedly lower operator exposure by diminishing ex-
posure to scatter radiation.
MINIMIZING RADIATION EXPOSURE TO THE
PATIENT
Minimizing radiation exposure to the patient is the
responsibility of the physician performing the angiographic
or interventional radiologic procedure. This starts with
patient history and selection as well as planning of the
procedure. Patient selection should take into account po-
tential radiation exposure in those who weigh 10 kg or
135 kg; young patients undergoing radiation of the lens,
breast, thyroids, or gonads; pregnant patients; and patients
with prior radiation exposures 60 days or in whom radi-
ation therapy has been used or is planned for the future.8
Planning of the procedure should take advantage of all
prior imaging in addition to reconstructed 3-dimensional
magnetic resonance imaging (MRI) and computed tomog-
raphy (CT) imaging to minimize potential radiation. De-
tails of the angiographic procedure should be planned in
advance. Patient position, access site, number of runs,
injection parameters, contrast, pump, and digital subtrac-
Table II. Radiation safety checklist
● Obtain patient history about previous radiation exposure
● Ensure operators and personnel wear well-fitted lead aprons, th
● Position hanging table shields and overhead lead shields prior to
● Use ultrasound imaging when possible
● Position the image intensifier as close to the patient as practicab
● For C-arm type fluoroscopy units, maximize distance from the r
● Use the exposure pedal sparingly
● Use pulsed rather than continuous fluoroscopy when possible, a
● Review and save anatomy with last image hold rather than with
● Position and collimate with fluoroscopy off, tapping on the ped
● Collimate tightly; exclude eyes, thyroid, breast, and gonads, wh
● Minimize use of electronic magnification; use digital zoom whe
● Adjust acquisition parameters to achieve lowest dose necessary t
size, lower frame rate, minimize magnification, reduce length o
● Operator and personnel hands out of beam
● Use power injector or extension tubing if hand injecting
● Move personnel away from table or behind protective shields du
● Minimize overlap of fields on subsequent acquisitions
● Plan and communicate in advance the number and timing of ac
respiration with radiology and sedation team to minimize impr
● Acknowledge fluoroscopy timing alerts during procedure
● After procedure: record and review dose
● Ensure appropriate monitoring of dosimeters
● Arrange for appropriate follow-up and discharge instructions fotion angiography (DSA) frame rates should be optimizedto avoid improper or aborted runs and the need to repeat a
run. Consent is required for all procedures and should
include risk of radiation injury, particularly for cases requir-
ing increased need for radiation: embolization, renal and
visceral angioplasty, nephrostomy tubes, transjugular por-
tosystemic shunts, vertebroplasty, and kyphoplasty.12-15
Intraprocedural dose monitoring is mandatory, and
compliance with dose monitoring should be tracked as a
part of ongoing quality assurance. Documentation of im-
ages and fluoroscopy time or dose should be recorded after
the procedure. The operator should be notified if the
dosage exceeds Society of Interventional Radiology guide-
lines or American College of Radiology Technical Standard
guidelines; this should also be documented in the medical
record.8,12,13 Appropriate follow-up evaluation should be
planned and discharge instructions for high-dose proce-
dures should be provided.
Participation in institutionalquality assurance reviewofmed-
ical necessity for radiation use 95th percentile of the dose
distribution for the institution or comparison with local or re-
gional standards assessment of image quality to radiation usage,
or both, should be ongoing to maintain the highest quality and
minimize radiation-associated injury.15
The following are recommendations to optimize image
qualitywhile reducingpatient andoperator exposure.A checklist
is provided as summary to these guidelines (Table II).
1. Use ultrasound imaging when possible. Accessing
nonpulsatile vessels can be challenging and often requires
imaging. Use ultrasound imaging instead of fluoroscopy to
minimize radiation exposure to patient and staff.
2. Position the II as close to the patient as practica-
ble, with the x-ray tube as far from the patient as
possible. Lower the II (or flat panel detector) as close to
shields, and protective leaded eye wear
cedure
ion source
ith as low a pulse as possible
uoroscopy when possible
check position
ssible
possible
omplish procedure: use lowest dose protocol possible for patient
acquisitions
ions, contrast parameters, patient positioning, and suspension of
r unneeded runs
-dose proceduresyroid
pro
le
adiat
nd w
live fl
al to
en po
never
o acc
f run
ring
quisit
oper othe patient as possible to minimize the patient-to-detector
of th
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dles, wires, and catheters. Also, keep the patient as far away
as possible from the x-ray tube. For a typical interventional
radiology angiography unit, this means raising the patient
table to the highest position comfortable for the interven-
tional radiologist, and lowering the II toward the patient.
Remember these principles in the lateral position. If the II
is positioned far from the patient, the image may be
blurred. If the II is not positioned near the patient, the
fluoroscopic machine in ABC mode will automatically in-
crease the kVp or mA, or both, to improve the image bright-
ness; this results in increased radiation dose to the patient.2
3. For mobile C-arm type fluoroscopy units, maxi-
mize distance from the radiation source. For mobile
C-arm type fluoroscopy units, the patient should also be
positioned as far from the x-ray tube as practicable, and as
close to the II as possible, to minimize patient entrance
dose. To reduce personnel exposure, the x-ray tube should
be positioned beneath the patient cart. Mobile C-arm units
can be particularly hazardous because the operator can
incorrectly position the patient too close to the x-ray tube,
thereby increasing the entrance dose and reducing image
sharpness.2 It is preferable to locate the C-arm x-ray tube
underneath the patient (Fig 1). Move the table away from
the x-ray tube in both planes to maximize the distance
between the x-ray tube and the patient.
4. Use the exposure pedal as sparingly as possible.
The single most important factor increasing the dose of
radiation to both the patient and the fluoroscopist is the
length of time the fluoroscopy is on. Radiation exposure
during fluoroscopy is directly proportional to the length of
time the unit is activated by the foot pedal switch. Fluoro-
scopic units do not have an automatic timer to terminate
the exposure after it is activated, and therefore, depression
of the foot pedal determines the length of the radiation
Fig 1. Correct and incorrect positioningexposure. Fluoroscopy machines are usually equipped witha timer and an alarm. Audible periodic fluoroscopy time
alerts during the case. Acknowledge the cumulative timing
device. A reminder of the elapsed fluoroscopy time can be
given to the operator during the procedure. U.S. Food and
Drug Administration guidelines require that the total
elapsed fluoroscopy time be recorded in the patient record
for every patient procedure.2
5. Use pulse fluoroscopy whenever possible. All
modern angiography fluoroscopy ormobile C-arm units offer
a pulsed fluoroscopy mode, in which the x-ray beam is pulsed
rapidly on/off, resulting in a lower radiation dose without
significantly degrading the appearance of the image on the
monitor. Use a low pulse rate rather than high pulse rates or
continuous fluoroscopy; for example, decrease from 30 pulses
to 15 or 7.5 pulses per second whenever possible.2
6. View and save images with last-image-hold.
Fluoroscopy units are also equipped with last-image-hold.
This allows for storing and reviewing of the last image
without re-exposing the patient to more radiation.
7. Collimate to use the smallest field of view
practicable. Radiation dose is dependent on x-ray field size.
Restricting the field size offers the ability to decrease the
radiation dose while improving the image. Use collimation to
minimize the x-ray field. Collimate tightly and collimate to
avoid dose to the eyes, thyroid gland, and gonads, whenever
possible. Collimation also improves image quality.2
8. Position and collimate without using fluoroscopy.
Position the patient without using fluoroscopy. Tap on the
pedal to check position. Fluoroscopy is not necessary for
collimation.
9. Use magnification only when necessary.
Magnification can improve image sharpness. Electronic
magnification uses the image intensifier or flat panel detec-
tor to enlarge the field of view.2 Electronic magnification is
set by the operator to have 12-inch (no magnification),
e x-ray tube in relationship to the patient.9-inch (some magnification), or 6-inch (most magnifica-
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radiation is used to brighten and sharpen the image during
magnification. Magnification can also be obtained by geo-
metric magnification.This is obtained bymoving the image
intensifier away from the patient.2 Geometric magnification
should not be used because this mode increases radiation
exposure without sharpening the image. In general, use elec-
tronic magnification to improve image sharpness only when
necessary and do not use geometric magnification.2
10. High-dose or detail modes should be used only
when necessary. Some fluoroscopy units offer two differ-
ent radiation dose modes: normal operating mode, which
may itself have various levels of radiation dose, and special
high-dose or boost mode. The typical fluoroscopy radia-
tion doses are discussed in more detail in section 2. The
boost mode is typically only necessary in the imaging of
very thick body parts. It is the angiographer’s professional
responsibility to use the lowest radiation dose possible,
consistent with the minimally acceptable image quality;
high-dose modes should be used only when necessary for
acceptable image quality.2
11. Use highest kVp possible to produce acceptable
image contrast. Radiation dose also depends on machine
factors such as kVp andmA, factors over which the operator
may have little control when the fluoroscopy unit is in the
ABC mode. If operator selection of machine parameters is
possible, then selecting the highest kVp will generally pro-
duce the lowest patient radiation dose. Unfortunately, se-
lecting a high kVp will decrease the tissue contrast in the
image. The general rule is to use the highest kVp consistent
with the minimally acceptable image contrast.2
12. Minimize overlap of fields in repeated acquisitions.
Avoid redundant studies if possible.Repetitive studies result in
increased radiation exposure to both patient and physician.
MINIMIZING RADIATION EXPOSURE TO
STAFF
The three most productive means of reducing radiation
dose to fluoroscope operators and other staff in the room
during fluoroscopy are listed below:
Time. Minimization of time spent in a radiation field is
the first principle of radiation safety and exposure reduc-
tion. Fluoroscopy time should be minimized to protect
patient and staff, but a balance must be reached between
the productive clinical use of x-rays and minimizing fluo-
Fig 2. Graphic representation of the inverse square law.roscopy time. The operator needs to efficiently produce animage that provides the necessary information needed to
treat the patient. The use of last-image-hold and pulsed
fluoro features are technical advantages in reducing the
total amount of time during which x-rays are produced.2
Distance. Radiation dose rates increase or decrease
according to the inverse square of the distance from the
source. As mentioned previously, the main source of radi-
ation exposure to fluoroscopic staff is scattered radiation
from the patient, not from the x-ray tube. Understanding
the inverse square law can help personnel in decreasing
their exposure to scattered radiation. The inverse square
law states that exposure at a distance from a point of
radiation is inversely proportional to the square of the
distance. This means that doubling the distance between
the radiation source (the patient) and yourself will yield
1/4 the radiation; likewise tripling the distance from the
patient will yield 1/9 the radiation (Fig 2). Distance is a
powerful protector against radiation exposure.2 The posi-
tioning of staff during fluoroscopy is critical to radiation
protection. In many cases, the physician must be close to
the patient during a fluoroscopy exam. All nonessential
personnel should be removed from the room, or at least be
placed outside of a 6-foot radius during x-ray use. Any
personnel within 6 feet of an operating medical fluoroscope
must wear lead (or lead equivalent) protective aprons,
according to the regulations. Many hospitals or state laws
require all personnel in the room during x-ray exposure to
wear a lead apron.
Shielding. Lead garments, lead gloves, thyroid shields,
leaded eyeglasses, lead drapes, and clear leaded glass barriers
between the patient and the operator all reduce exposure to
medical personnel from scattered radiation. Most state
regulations require that all persons, including staff or other
patients, must be at least 2 meters from the x-ray tube, or
the exposed area of the patient’s body, or protected by lead
apron. Some states require all personnel in the room during
x-ray exposure to wear lead protection. Furthermore, go-
nadal shielding of at least 0.5 mm lead-equivalent shielding
must be used for patients who have not passed reproductive
age for radiographic procedures.2
DOSE MONITORING
Monitoring during the procedure depends on the speci-
fications of the fluoroscopy unit. Machines can document
peak skin dose and fluoroscopy time. The operator should be
notified when the total time has approached 30 minutes and
then every 15 minutes thereafter. Dose monitoring should
also include fluoroscopy time. Finally, dose monitoring must
be documented according to state and federal guidelines and
dosimeters should be used by all personnel working in a
fluoroscopy unit.Modern fluoroscopic units will alsomonitor
dose area product during the x-ray procedures, and this dose
area product can be comparedwith established clinical norms.
Angiographic fluoroscopes manufactured since 2006 must
also include a monitor of patient skin exposure, which the
operator can compare with the thresholds for skin injury.
Lastly, the federal government is currently reviewing tech-
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regulations will probably be forthcoming.
Film badges. Film badges use film sensitive to radia-
tion, similar to 35-mm camera film. The film is loaded into
a plastic holder containing a system of filters (strips of
copper, aluminum, lead, etc) that allow the dosimeter
reader to correctly identify type of radiation exposure. This
system is heat and moisture sensitive.16,17
Thermoluminescent dosimeters. This dosimeter is
composed of small chips of lithium fluoride or calcium
fluoride crystals that are used to measure radiation
dose.16,17 The dosimeters are small and can be loaded into
plastic rings that may be worn on fingers. The chips are
extremely heat sensitive so cannot be sterilized by heat
sterilization. Thermoluminescent dosimeters rings may be
cold sterilized using a liquid sterilizing solution.
Optically stimulated luminescent dosimeters. These
dosimeter badges record radiation exposure by using an opti-
cally stimulated laser monitor.16,17 These badges can be used
in place of film badges. Generally, the optically stimulated
luminescent badge comes as a packaged unit that attaches to a
plastic holder. Unlike film badges, optically stimulated lumi-
nescent badge holders do not incorporate filters, which are
contained within the badge package itself.
General requirements for dosimeters are as follows:
● When a dosimeter is assigned, it is assigned to a single
individual and must not be shared.
● If a single dosimeter is worn, the dosimeter must be
worn at the collar, outside any shielded apron or thy-
roid collar.
● Operators with a potential for high radiation exposure
(eg, interventional radiologists) will be issued two
dosimeters: the dosimeter “collar” is worn at collar
level outside of the lead apron or lead thyroid collar;
the dosimeter “torso” is worn at waist level under the
lead apron. Caution must be used not to confuse the
“collar” badge with the “torso” badge. Ring badges
should be worn inside gloves
● Dosimeters may be assigned to monitor a period of up
to 3 months, but if exposures reach 10% of any of the
limits, they usually must be exchanged monthly.
Dosimeters, when assigned, are to be worn when per-
forming fluoroscopy procedures. A dosimeter assigned to a
fluoroscopy user will be expected to show some radiation
exposure above zero, or minimal readings. Abnormally low
dosimeter results should be investigated by radiation safety
for compliance with the requirements listed above.
CONCLUSIONS
The best defense against radiation injury to both the
patient and staff is to minimize the total fluoroscopy time,
keep the image intensifier close to the patient, collimate to
the region of interest, maximize the operator distance fromthe patient, and use appropriate radiation shielding and
radiation monitoring.
We acknowledge the indispensable contributions of
Paul H. Brown, PhD, Medical Physicist at Oregon Health
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